Aims To investigate the therapeutic effects of different treatments on serous pigment epithelium detachment (PED) in age-related macular degeneration (AMD). Methods A total of 328 patients suffering from serous PED in AMD were retrospectively analysed. We treated only patients with documented visual deterioration: 86 patients with bevacizumab, 128 with ranibizumab, 60 with pegaptanib, and 54 with photodynamic therapy (PDT) combined with intravitreal triamcinolone acetonide (IVTA). Bestcorrected vision was determined in the logarithm of the minimal angle of resolution (logMAR). We also analysed morphological findings such as full foveal thickness by optical coherence tomography (OCT), manually calculated height of PED as measured by OCT, and fluorescence angiography. Results The mean follow-up was 42.4 weeks. The best-corrected visual acuity of 0.78 logMAR before treatment could be improved by about 0.066 logMAR after treatment. Retinal thickness decreased in all patients with PED, in the mean by about 64.06 lm, and the mean value of the manually calculated height decreased by about 0.98 units. All functional and morphological results proved to be significantly better after injection of ranibizumab and bevacizumab than after pegaptanib and the combined treatment with PDT and IVTA. In all, 41 (12.5%) of our patients developed a tear of the retinal pigment epithelium (RPE). Conclusion The therapeutic results were significantly better in patients treated with bevacizumab and ranibizumab than in those treated with pegaptanib or with a combination of PDT and IVTA. Even with treatment, tears of the RPE or only a partial flattening of the PED always indicated a worse prognosis in eyes with exudative AMD than in eyes with classic choroidal neovascularization.
Introduction
Age-related macular degeneration (AMD) is one of the main causes of blindness in highly civilized countries. Demographic development and increasing life expectancy will increase this problem in the future. In particular, the development of exudative AMD is responsible for this situation. [1] [2] [3] [4] Modern diagnostic procedures can distinguish among the subgroups of AMD. 5, 6 Around 10% of all patients present with serous pigment epithelial detachment (PED). The reasons for this are both a mostly marginally situated occult choroidal neovascularization (CNV) and a more centrally situated retinal angiomatous proliferation (RAP). The natural course of disease in this subgroup of AMD is characterized by a slow deterioration in best-corrected visual acuity (BCVA). Over time, more and more atrophic changes develop and ultimately end in an atrophic and fibrotic disciform scar. This process can be accelerated by ruptures in the retinal pigment epithelium (RPE) layer and by subretinal haemorrhages. [7] [8] [9] [10] [11] [12] [13] Previously used therapeutic strategies such as photocoagulation or photodynamic therapy (PDT) have produced only unsatisfactory results. [13] [14] [15] [16] [17] The reasons for this include both the development of PED and CNV recurrences. Furthermore, treatment could no longer be carried out and thus the development of a central disciform scar could not be avoided.
A combined therapy with PDT and intravitreal injections of triamcinolone acetonide (IVTA) (4 or 25 mg) has been effective in the treatment of several kinds of AMD. Even if the course of the disease in terms of vision could not be changed significantly, the number of required PDT treatments could be reduced. 18, 19 In addition, the effectiveness of intravitreously injected VEGF inhibitors has been analysed in clinical studies. [20] [21] [22] [23] However, the results of all the different therapeutic procedures have not been compared up to now. Therefore, the aim of this study was to evaluate the data of 328 patients suffering from exudative AMD with serous PED who received different treatment procedures.
Patients and methods
Between January 2003 and August 2007, 328 patients (224 female, 104 male) with exudative AMD and associated serous PED were treated. The mean age was 77.7 years, the minimal follow-up period 18 weeks, and the mean period 42.4 weeks. The serous PED originated as a result of occult CNV or RAP. None of the patients had received prior eye treatment. The indication for the beginning of treatment was documented disease progression with further visual loss. BCVA was calculated by using the logarithm of the minimal angle of resolution (logMAR). We performed fluorescence angiography (FLA) and indocyanin green angiography (ICG-A) in all patients before beginning treatment. In addition, we used optical coherence tomography (OCT) both before and 6 weeks after the last treatment in each patient. We chose the programs 'fast macular' and the 6-mm crosshair section. Retinal thickness was analysed and the height of PED was measured manually on the monitor. A total of 54 patients received combined therapy with PDT and IVTA. PDT was performed by illuminating the angiographically localized area of neovascularization in accordance with the guidelines of accepted PDT studies. 24, 25 After PDT, we intravitreously injected 4 mg of TA. Later on, 86 patients exclusively received injections with 1.25 mg bevacizumab (Avastin We administered the drug at intervals of 4 weeks (ranibizumab) and 6 weeks (pegaptanib/bevacizumab).
Follow-up examinations were performed every 4-6 weeks after the last injection and 12 weeks after PDT. Additional treatment was given only in patients with permanent or newly developed leakage. All injections were performed following the accepted guidelines of the German Ophthalmologic Society (Deutsche Ophthalmologische Gesellschaft, DOG). 26 The statistical calculations were based on the following features: BCVA, changes in the height of PED, and changes in the central retinal thickness.
The frequency of developing RPE tears was registered in all treatment groups. The statistical analysis comprised mean values, median, and standard deviation with confidence intervals (CIs). The regression of visual changes was determined by using regression analysis and correlating non-normally distributed data by means of the Spearman correlation coefficient. The differences in the results between the various treatment groups were compared by means of the Mann-Whitney U-test or the Wilcoxon test. We used the program Access/Windows 2003 and Medcalc version 9.6.4.0 and SAS version 9.1 for the statistical calculations.
Results
The treatments were tolerated well by all of our patients. We did not observe any severe complications such as an increase in intraocular pressure; in particular, no endophthalmitis occurred.
Out of our 328 patients, the data were calculated from the following groups:
1. 54 patients who received combined treatment with PDT and IVTA, 2. 86 patients who received bevacizumab, 3. 128 patients who received ranibizumab, 4. 60 patients who received pegaptanib.
The mean baseline VA was 0.78 (95% CI 0.75-0.81). The mean difference in VA at first control after treatment as compared with baseline vision was À0.066 (95% CI À0.10 to À0.03). There was no significant difference between these four treatment modalities at baseline. As shown in Figure 1 , there was a significant difference in visual gain between the treatment groups, especially between bevacizumab and pegaptanib (P ¼ 0.025), ranibizumab and pegaptanib (P ¼ 0.004), and between pegaptanib and PTD with IVTA (P ¼ 0.03). Regarding the subgroups as determined by FLA, the mean increase in patients with PED and occult CNV was 0.06 logMAR (95% CI À0.11 to À0.02) and in those with serous PED associated with RAP 0.078 (95% À0.15 to À0.01). This difference was not statistically significant (Mann-Whitney U-test P ¼ 0.71).
In addition, the difference in morphological characteristics between the different treatment groups was statistically significant.
Central retinal thickness decreased significantly after ranibizumab and bevacizumab (Po0.0001/P ¼ 0.0002), whereas after pegaptanib no significant change could be observed (P ¼ 0.89, Figure 2 ). The therapeutic effect was more favourable regarding retinal thickness in patients with serous PED associated with RAP lesions (mean difference ¼ À86.5, Po0.001) than in those with PED and occult CNV (mean difference ¼ À55.2, Po0.001). The maximum height of PED calculated on the OCT images decreased in all treatment groups. PED height decreased less in patients treated with pegaptanib and bevacizumab than in those with ranibizumab, which was statistically significant in comparison with bevacizumab (P ¼ 0.023, Figure 3) . However, for the morphological subgroups as determined by FLA, no significant difference could be observed between RAP and occult CNV.
In all groups, there was a significant correlation between the development of VA and retinal thickness; Spearman correlation coefficient before treatment was 0.21 (P ¼ 0.0008) and at 12 weeks after treatment 0.33 (Po0.0001) (Figure 4) . Consequently, the reduction in central retinal thickness produced an improvement in vision.
During the follow-up period, 41 patients (12.5%) developed a tear of the RPE; in patients who were treated with VEGF inhibitors, the frequency was 9.9% (bevacizumab 13 (15.1%) patients, ranibizumab 11 (8.6%) Eye patients, and pegaptanib 3 (5%) patients), and after combined treatment with PDT and IVTA, 14 (25.9%) patients developed PE tears (w 2 P ¼ 0.0018, Figure 5 ).
Discussion
Occult CNV or RAP associated with serous PED has been established as a specific entity in patients with exudative AMD. 7, 8, 11, 27 In addition, the second eye is frequently involved and a bilateral disciform macular scar also often develops as disease progresses. Acute visual loss can be caused by tears of the RPE layer, especially in combination with massive subretinal haemorrhages. 2, [11] [12] [13] 28, 29 Using ICG-A, different kinds of neovascularization could be identified that can be regarded as being responsible for serous PED. Occult CNV situated mostly at the margin can often be distinguished from centrally localized CNV on a RAP lesion. 27, 30, 31 It has been shown that even with early laserphotocoagulation treatment or PDT, it is not possible to stabilize disease or slow down disease progression. 14, 15, 17, 32 The reasons for these treatment failures were untreatable recurrences or the development of RPE tears.
However, as a combined treatment with PDT and IVTA has been introduced, the results have improved. Specifically, the development of recurrences and the number of treatments could be reduced. Only some authors have described post-therapeutic visual loss associated with this treatment modality, whereas most authors report a higher rate of stabilization of both BCVA and morphological changes. 18, 19, 33 We can confirm these results of significant stabilization of vision during a follow-up period of 24 weeks. Nevertheless, the rate of RPE ruptures still remained high.
These RPE tears and haemorrhages were most often localized outside the fovea and resulted in minor loss of vision. However, the uncertain long-term prognosis in these patients and the high rate of possible IVTA complications (cataract, glaucoma) prompted the search for different and new kinds of treatments. Indeed, VEGF inhibitors opened new doors in the treatment of exudative AMD. [34] [35] [36] The first encouraging results in the treatment of serous PED were found with pegaptanib, followed by bevacizumab and ranibizumab. [37] [38] [39] [40] However, these initial reports comprised only small numbers of treated patients. In our larger case series, we found a significant stabilization of VA over a period of 24 weeks after treatment. The different drugs used in this study also showed different effects on the morphological characteristics examined. As also shown by other studies, changes in the central thickness of the retina correlate highly with an increase of BCVA. After ranibizumab and bevacizumab treatment, we achieved significantly higher decreases in retinal thickness than with pegaptanib. In addition, the height of PED declined less after pegaptanib than after ranibizumab and bevacizumab ( Figure 6 ). Ranibizumab and bevacizumab are more effective in reducing vascular permeability than pegaptanib, which would explain this.
However, our results were not as optimistic as those published in other clinical studies. 22, 40 A possible reason for that is the generally worse prognosis and the better therapeutical influence for the patients with classic CNV than for those with CNV without PED. In classic CNV, the intraretinal oedema and subretinal fluid is the major cause for visual decrease. These factors can be effectively reduced by anti-VEGF therapy. In contrast, serous PED patients have intra-and subretinal as well as sub-RPE fluid. As the reason for this fluid accumulation is thought to be, at least in the past, due to changes in the hydroconductivity of Bruch's membrane, the effects of anti-VEGF therapy on fluid reduction in these patients are not that effective.
In some patients, a tear of the RPE developed already some weeks after the intravitreal injection. [41] [42] [43] [44] In our series, we observed this in 12% of all patients who were treated with VEGF inhibitors. The differences observed between these drugs are not statistically significant because of the relatively small number of cases. The longterm prognosis in these patients has not been defined either, and especially the question of the long-term treatment strategy is still open.
Therefore, we can conclude that PDT with IVTA, ranibizumab, bevacizumab, and pegaptanib can stabilize occult CNV associated with serous PED and RAP associated with PED. Treatment with bevacizumab and ranibizumab produced significantly better morphological and visual results than pegaptanib and fewer complications than PDT with IVTA. However, as only a partial regression can be achieved and RPE tears can generally not be avoided, we must continuously search for more specific, more effective treatment modalities that are associated with fewer side effects.
As serous PED could only be reduced in most patients and because the course of RPE tears with and without further treatment is not known, long-term treatment strategies and prognosis should be defined.
